Abstract. We present a density functional theory (DFT) calculation in the generalized gradient approximation to study the possibility for the existence of Jahn-Teller (JT) or pseudo Jahn-Teller (PJT) type local distortions in the La-Ba-Cu-O superconducting system. The analysis is based on the calculation and correspondingly group theory classification of the electronic ground state of the CuO6 −10 elongated octahedra cluster, immersed in a background simulating the superconductor. The motivation to do this study is that the origin of the apical deformation of the CuO6 −10 cluster is not due to a pure JT effect, having therefore a non a priori condition to remove the degeneracy of the electronic ground state of the parent regular octahedron. We present a comparative analysis of the symmetry classified electron spectrum with previously reported results using unrestricted Hartree-Fock calculations (UHF). Both the DFT and UHF calculations produced a non degenerate electronic ground state, not having therefore the necessary condition for a pure JT effect. However, the appearance of a degenerate Eg state near to the highest occupied molecular orbital in the DFT calculation, suggests the possibility for a PJT effect responsible for a local distortion of the oxidized CuO 
Introduction
Since the discovery of high T c superconductivity, the understanding of the mechanism responsible for this novel phenomenon has been one of the most challenging problems in condensed matter physics. To date, it is known to involve the pairing of charge carriers, although the precise nature of these carriers and the mechanism by which the pairing occurs is still an open problem [1, 2, 3, 4] . The evidence that strong electron-phonon interaction in oxides as well as in mixed-valence systems can occur owing to polaron formation, together with the fact that a possible mechanism for polaron formation is the Jahn-Teller (JT) effect [5] , where spontaneous lattice distortions remove the degeneracy of the electronic ground state, led to Bednorz and Müller [6] to the discovery of high temperature superconductivity. One reason to suspect the JT effect might play an important role in those systems, is the fact that all superconducting copper oxides have perovskite-like crystal lattices, with Cu 2+ ions surrounded by O 2− ions. One of the most studied system, La-Ba-Cu-O has this particular structure, containing sheets of corner-sharing CuO 6 octahedra. The Cu-O planes, where it is believed that superconductivity and charge transport are mostly confined, have an electronic structure, within the ionic model, built up from the 3d 9 states of Cu 2+ and the 2p 6 states of O 2− .
In the insulating parent compound of the La based superconductor La 2 CuO 4 , the CuO 6 octahedra are elongated, with a Cu-O distance of 1.90Å within the plane and 2.42Å perpendicular to it. This distortion, some authors believed, could be at least partly due to a static JT effect [7] . This can be seen from the fact that for the regular octahedron we have the O h symmetry, with a splitting of the d 9 electron states into E g + T 2g irreducible representation (IR). The corresponding decomposition of the ions vibrational modes Q k , according to the IR of the O h group gives Γ = a 1g + e g + t 2g +2t 1u + t 2u . The general condition in order to have a JT effect, is that the generalized force between nuclei, defined as the matrix element of the force operator (-∂V /∂Q k ), between the total electronic ground state ψ i , transforming respectively as the Γ k and Γ i IR of the corresponding symmetry group, should be different from zero. From general group theory rules, we know that this condition can be fulfilled if Experimental results in Cu K-edge absorption spectroscopy XANES (x-ray absorption near edge structure) and EXAFS (extended x-ray absorption fine structure) [12] as well as PDF (pair-distribution-function) analysis of neutron powder-diffraction data [13] have shown the existence of important inhomogeneities in the high-Tc superconductor structures. In particular, the CuO 6 octahedra in La Concerning the PJT effect it has been pointed out [14] that there are no a priori exceptions for vibronic coupling effects. The presence of electronic degeneracy is just an important special case of vibronic coupling. Bersuker [15] has introduced a PJT vibronic coupling through the mixing with the 1 B 1g excited state to explain a polaron formation mechanism in high T c superconductors. It is worth mention that the PJT effect has been some times misinterpreted as a second order correction, and in fact this effect may be very strong, specially when the JT effect is absent. The study of those effects might be relevant in understanding the electron-lattice interaction.
In this paper, we examine the possibility of having a local distortion in the CuO 6 octahedra in La-Ba-Cu-O superconducting system originated by a JT or PJT effect. 
This is done under the assumption of a CuO

Cluster Model
We study the elongated octahedral CuO 6 −10 cluster immersed in a point charges environment according to the structure of the tetragonal superconductor (La,Ba) 2 CuO 4
with the experimental lattice constants: a = 3.7873Å and c = 13.2883Å and with a Cu-O apex distance of 2.42Å [16] . This background simulates the crystalline surrounding.
The necessity to preserve the experimental bond lengths of the cluster, lead us to adjust the background arrangement in order to stabilize the cluster system. The values for the point charges environment were determined by performing a UHF cluster stability analysis [17] . shown that the use of pseudopotential models for the nearest atoms to the cluster are advantageous in order to prevent an artificial polarization of the oxygen electrons towards the (in other way) bare positive charges [18, 19, 20] . In a previously reported work [17] , we performed an electronic structure calculation for the neutral CuO In a simple ionic model, the molecular levels formed by the 3d symmetry group using a simple algorithm based on the projection of characters that permits to find the classification according to the IR of a given symmetry group with the application of at most three symmetry operation [29] .
Results and Discussion
We have studied within density functional theory in the generalized gradient approximation, the electronic ground state for the CuO 6 −10 elongated octahedra cluster. This were obtained by Husser [18] .
We show in Fig. 3 by one α electron and is orbitally nondegenerate. It should be noted however that it is spin degenerate, but since it has a degeneracy of order two in spin, it does not produce a JT deformation [30] . It is basically the same kind of However, in the oxidized CuO 6 −9 cluster, the spin-singlet 
Conclusions
We have performed ab initio calculations in the CuO 6 The model is based on the calculation and correspondingly group theory classification of the electron spectrum for the CuO 6 −10 elongated octahedra cluster. In Fig. 1 we show the result of the electron spectrum constructed using the DFT-GGA, and is compared with the corresponding spectrum calculated for UHF wave functions. Level of theory Fig. 1 . DFT electronic spectrum for the α states using the Cu-3-21G plus O-4-21G * basis set. This is compared with the UHF spectra using the Cu-3-21G plus O-3-21G 
